An integrated technique was purposed for clarifying changes in amounts of amorphous and crystalline regions of fibers as well as for estimating possibility of their irreversible conversion due to recycling treatment. The crystallinity of fibers in handsheets was moderately changed by the recycling treatment as observed by X-ray diffractometry. Because major part of fibers consisting of the stable crystalline region which was hardly affected by the recycling treatment, the change in crystallinity possibly stemmed from a slight increase in crystallinity of amorphous region of fibers during recycling. The decrease in the amount of the amorphous region by the recycling treatment, which affects the water adsorbability of fibers, was indirectly detected by differential scanning calorimetry. Because of the lack of re-opening of recycled fiber lumens in a wet state, the amount of bound water adsorbed to fiber wall substantially influenced the re-swelling capability of recycled fibers. The loss in re-swelling capability of wet recycled fibers was consistent with sub-morphological changes of fiber wall possibly due to the decrease in the amount of the amorphous region. In this study, FT-Raman spectroscopy could not detect the effect of recycling treatment on changes in amounts of amorphous and crystalline regions of fibers.
Because a trace amount of adsorbed water on the surface of crystalline region is almost negligible, the amount of adsorbed water in fibers, which is also called" bound water", almost totally relies on accessible sorption sites of amorphous region1). Therefore, determination of the amount of amorphous region of fibers can be conducted by differential scanning calorimetry (DSC) that is commonly used for determining the amount of bound water in fibers1,4). For a study focusing on the crystalline region of fibers, one of the methods typically used is X-ray diffractometry3, 5, 6 ).
This method can be used for determining ratios of crystalline region as a crystallinity index that is basically proportional to the peak intensity ratio of reflected X-ray, which is derived from the 200 plane. for the crystalline region to that for the total regions.
As the advantages of these methods are specifically characterized by measurement of either the amount of amorphous or crystalline region, it seems to be doubtful about using them separately for determining changes in amounts of both the regions and discuss- 
Results and discussion
The pattern of X-ray diffraction of a handsheeti as shown in Fig.1 , was used for calculating a crystallinity index following the empirical method of Segal et al6). As can be seen in Fig.2 , the crytallinity indices of 
Conclusion
The crystallinity index of fibers in the handsheets was moderately changed by the recycling treatment. This phenomenon is suggestively caused by some part of amorphous region of fibers in the handsheets was slightly changed to be higher crystallinity during re- 
